C. difficile species were isolated for the first time from 175 environment samples in the research studies which were conducted in NRLA of PHI Niš. In the samples of soil taken from the ground within the Clinical Center Niš, those taken from the parks at the territory of the Municipality of Niš, samples of mud and sand around the illegal sewage systems at the territory of the Municipality of Niška Banja, a small number of bacteria C. difficile producing the toxins (A+B+) as well as non-toxigenic isolates (A-B-) were found.
I NT ROD U CT I ON
Clostridium (C.) difficile is a typical representative species of the genus Clostridium, which includes a group of Gram-positive, motile, aerotolerant or anaerobic bacilli, widespread in the soil and intestinal tract of animals. They usually form subterminal spores, rarely central. The spores are resistant to heat, drying and chemical agents which allows them to survive in adverse environmental conditions. Electron microscopy can provide visualization of flagella and other bumps on the bacterial cell (1) .
Although the written records about pseudomembranous colitis (PMC) exist since 1893, C. difficile was first described in 1935, by Hall and Toole. These researchers were the first who succeeded to isolate Gram-positive anaerobic sporogenic bacilli from the stool of the newborn child. The first term -Bacillus difficilis was given due to slow growth and very heavy subcultivation of cultures obtained from patient material (2) . Later, it was classified in the genus Clostridium. It was considered non-pathogenic as was most commonly cultured from the samples of healthy children. However, during the fifties of the last century it was discovered that C. difficile culture filtrate probably contained a toxic product which upon parenteral inoculation may have caused death of laboratory animals. During the 60's and 70's of the last century, massive use of broad-spectrum antibiotics was started. In addition, an increase in the incidence of colitis and PMC in patients with positive C. difficile findings in stool samples was recorded. It was also noticed that the stool filtrate in these patients had a cytotoxic effect on cell culture. Studies conducted during 1997 pointed out that prolon-ged antibiotic therapy can influence lethal C. difficile colitis. Moreover, these researches determined that the production of toxins is responsible for the occurrence of the disease (3). Further researches have shown that these bacterial species can produce two toxins (A and B) that are responsible for causing the disease(Clostridium difficile-associated disease (CDAD)).
In the last thirty years, a lot of studies with the goal to establish the presence of this microorganism in the environment and possible sources of infection have been done. The first comprehensive study was conducted by Hafiz and associates in 1974, who isolated this bacterial type from soil, sand, silt shallow river, hay, excrement of camels, donkeys, cows and horses in Pakistan (4) . Earlier, the researchers had also found this bacterial species in the soil, but only in that which was territorially related to waste materials of patients who had diarrhea (5) . Subsequent studies had confirmed the presence of C. difficile in environmental samples with increased moisture content (6) . The results of the above mentioned researches indicate uneven distribution of C. difficile in the environment, but these findings may be the result of different sampling methodology. Further research on the man's environment as a source of infection was carried out by Al Saif and Brazier (7) in 1996 who examined 2,580 environmental samples from the territory of Cardiff South Wales region-the United Kingdom. Samples were screened by methodology that allowed the maximum germination of spores. The results showed that 7.1% of the samples were positive for C. difficile, and out of that 21% from soil, 7% from pets and 20% from the samples of hospital environment. Additionally, in the samples of water from rivers and lakes with the high prevalence of 87.5% and 46.5%, respectively, bacteria C. difficile were proved. Besides, 50% of the samples of pool water were positive for C. difficile, as well as 2.4% of the samples of fresh plants and 2.2% of the samples of the surfaces of private houses and apartments. Data from these studies have shown that the general population is exposed to C. difficile and they might bring it into the hospital.
Microbiological diagnosis of CDAD in Serbia
At the beginning of 2005, based on the data on diarrheal syndrome with unclear infection etiology, it was concluded that one of the priorities in our country was establishing the microbiological diagnosis of CDAD (8) (9) (10) .
In Serbia, the first isolates of C. difficile were obtained in the Public Health Institute (PHI), Center for Microbiology in Niš, at the end of 2005 (11) . The first epidemic isolate with the positive toxin test was found in a stool sample of a hospitalized patient (male, 46 years old) in the Clinical Center Niš (Clinic of Neurology) (1, 12) . In the National Referent Laboratory for Anaerobic Infections in the PHI Niš, toxigenic strains of pathogens which caused the second and third hospital outbreaks in Serbia were confirmed, in the Clinical Center in Novi Sad in 2007 and in the General Hospital in Požarevac in 2009 (1) .
The epidemic in the Clinic of Neurology in Niš in 2006 included 4 patients placed in the intensive care units. The patients were aged between 44 and 72 years (75% were males). The epidemic lasted 35 days. C. difficile and its toxins (A+ B+) were found in stools of all the patients. All of them had severe predisposing internal and neurological diseases as well as multiple high risk factors for the occurrence of infections caused by C. difficile (severe primary disease, multiple previous hospitalizations, the use of two or more antibiotics, administration of laxatives and intestinal application of Predrag Stojanović, Branislava Kocić, Gorana Dragovac, et al.
invasive endoscopic methods during the previous two months, etc.) (1, 9) .
The epidemic of diarrhea caused by C. difficile in the hospital of Novi Sad was observed in 4 patients from the clinics of internal medicine whowere spatially separated. As a possible cause for the occurrence of epidemic, the problems such as reduced capacity of hospital beds, transferring patients from one department to another, and the lack of room for physical isolation of infected patients with separate toilets have been pointed out.
The epidemic lasted 18 months, with a total of 121 affected patients (30 in 2007) (24.8%); 70 in 2008 (57.8%) and 21 in 2009 (17.4%). In the large percentage (77.7%) of CDAD, the presence of antibodies to toxin A was laboratory confirmed. By endoscopy and histopathological examination, pseudomembranous colitis was diagnosed in 15.7% of the patients. In this epidemic, the factors contributing to human infection were elderly age, underlying chronic disease, prior antibiotic therapy and prior hospital admissions. Epidemiologic measures to prevent the spread of infection such as patient cohort isolation, reduced use of antibiotics, strict contact precaution measures, in spite of the lack of real spatial isolation with separate toilets, helped reducing the number of cases from 16 to 20 per year at all clinics to sporadic disease cases only (1, 13, 14) .
Epidemiological Service of the Public Health Center in Požarevac in the second half of 2008 introduced the epidemiological surveillance at several departments in the General Hospital Požarevac (departments of orthopedics, urology, and internal departments) in order to prevent the emergence and spread of darrheal syndrome. This epidemiological supervision included the everyday monitoring and recording the incidence of diarrhea in hospitalized patients (from October 29, 2008 to December 5, 2008) . By conducted epidemiological surveillance, based on the clinical parameters of patients with diarrhea without etiologic diagnosis, it was assumed that infectious etiology was present in 30.8% of patients (1) .
In May 2009, after the establishment of a cooperation with the Public Health Institute in Niš and the Reference Laboratory for Anaerobic Infections, during a new outbreak of epidemic of diarrhea, it was confirmed that diarrhea was caused by the bacterium C. difficile. In this epidemic, there were 8 affected individuals (six female and two male persons) out of the 350 exposed, without reported lethality. All of the affected were above the age of 50 and were immunocompromised with severe underlying conditions; the temperature elevated even up to 39°C, leukocytosis, fatigue, pains, cramps, and abdominal bloating sensation were the predominant symptoms among the affected. The outbreak ended on September 24, 2009 (1). The architectural lack of spatial isolation of patients with diarrhea, hospital rooms with several beds
P r o f e s s i o n a l a r t i c l e
(up to 8), common sanitary facilities with toilets and showers, and insufficient numbers of nurses, contributed to the onset of all the above-mentioned epidemics in different hospitals in Serbia.
The analysis of the stool samples in the NRLA of the Public Health Institute Niš revealed that the epidemics were caused by C. difficile producing both toxin A and toxin B (A+B+). Resistance to metronidazole and vancomycin was not established in any of the isolates.
In the period 2005-2010 at the Public Health Institute in Niš, the first study was done about the prevalence of toxigenic and non-toxigenic strains (1, 15, 16) and C. difficile carrier status (17) in patients and people from the territory of Serbia. The results of the study showed the predominance of strains producing both toxins (A+B+), but also the presence of strains that produce toxin B only (A-B+), which requires the use of microbiological diagnostic tests to reveal and confirm both toxins in order to avoid false negative results (16) .
In 2014, the first isolates of C. difficile were obtainned from 175 environment samples in the research studies that took place in the NRLA (Public Health Institute Niš) (18) . In the samples of soil taken from the ground within the Clinical Center Niš, those taken from the parks at the territory of the Municipality of Niš, samples of mud and sand around the illegal sewage systems at the terri-tory of the Municipality of Niška Banja, a small number of bacteria C. difficile producing the toxins (A+B+) as well as non-toxigenic isolates (A-B-) were detected (Table 1) .
CONCL U S I ON
Results of the first epidemiological studies (2005) (2006) (2007) of the cases of diarrhea associated with prior antibiotic therapy in hospital patients in different health care facilities in our country, microbiological investigations performed at the Public Health Institute in Niš, as well as the conclusions of public discussions at national conger-sses and expert meetings influenced the general conclusion that there is a justified need for the introduction of microbiological diagnosis of CDAD on a daily basis into the Serbian laboratories. After 2006, most microbiological laboratories throughout Serbia started to apply rapid tests to detect toxins in stool samples, being continually professionally supported by the Reference Laboratory for Anaerobic Infections of the Public Health Institute in Niš. The introduction of laboratory diagnosis of CDAD, which improves etiological diagnosis in many hospital epidemics in health care institutions, can significantly contribute to the development of health care in general in Serbia.
